Abstract Pneumonia caused by Mannheimia haemolytica is an important disease in ruminants. Because of its economic significance, several methods have been developed to study the pathogenicity and epidemiology of M. haemolytica. In this study, bacterial isolates of M. haemolytica and Bibersteinia trehalosi identified from the lungs of sheep were serotyped by means of indirect haemagglutination. Of the 598 lungs studied, 34 isolates were identified and serotyped. In decreasing order, M. haemolytica serotypes were: not typable (50 %), A1 (17.65 %), A7 (11.76 %), A6 (5.88 %), and A12, A2, A5 and A9 (each representing 2.94 %). The only B. trehalosi serotype was T4 (2.94 %). Serotypes A1, A6 and A7 of M. haemolytica were the most commonly isolated from pneumonic sheep producing greater changes in the lungs and having important implications for sheep production.
Respiratory diseases are complex, occurring as a consequence of host interaction with various infectious agents, under the influence of environmental factors [1] . Pneumonia is responsible for important economic losses in the sheep industry in Spain, including Extremadura, where sheep herds are present in 94 % of the municipalities [2] . Mannheimia haemolytica is one of the most important respiratory pathogens of domestic ruminants causing serious outbreaks of acute pneumonia in neonatal, weaned and growing lambs [3] .
Mannheimia haemolytica can be serotyped according to capsular antigens. A total of 17 capsular serotypes have been described, among which serotypes 3, 4, 10 and 15 are now classified as Bibersteinia trehalosi, with serotype 11 reclassified as M. glusosida [4] .
The general aim of this study was to determine and identify M. haemolytica and B. trehalosi serotypes and the relationship of these microorganisms with the lung lesions that they produce.
This study was carried out in Extremadura in southwestern Spain. A total of 598 samples were collected from lambs with clinically healthy lungs (410) (Group A) and lambs with pneumonic lungs (188) (Group B). All samples were plated onto 10 % Sheep Blood Agar and incubated at 37°C overnight. Complete identification of these isolates was based on biochemical profiles using the Phoenix (Becton-Dickinson Diagnostics) automatic identification system. Isolates were further characterised by an indirect haemagglutination technique. Antisera for each serotype were produced in rabbits using the reference strains and NCTC provided by Dr. Robert Davies (Scotland). Serotype A17 was provided by Dr. Laszlo Fodor (Hungary).
For macroscopic study, lungs were photographed and classified into two groups depending on the presence or . For histological study, samples were fixed in neutral buffered formalin (3.5 %, 0.1 M and pH 7.2), routinely processed and embedded in paraffin. Sections of 5 lm were stained with haematoxylin and eosin, Massońs Trichrome and van Gieson's stain for histological study [5] . Microphotographs were taken using a microscope (Eclipse 80i, Nikon Ò , Tokyo, Japan) with a digital video camera (DXMI200F, Nikon Ò ). The experiment was performed with the permission of the local bioethics committee (Approval No. 19/2014, date 13/02/2014).
Exploratory data analysis and descriptive statistics were performed by means of the Chi squared test. The results were considered significant when P values were\0.05. The software R Ò was used for this task [6] . A total of 34 lungs presented isolates of M. haemolytica and B. trehalosi. Only 5 lungs did not show macroscopic lung lesions, however, 29 lungs were affected. In these lungs, only one isolate (1/34) was identified as B. threalosi, with the rest identified as (33/34) M. haemolytica.
Serotyping of isolates by capsular antigens showed a high degree of heterogeneity. The most frequent serotypes for M. haemolytica strains were A1 (6 strains), A7 (4 strains) and A6 (2 strains). The rest of the serotypes (A12, A2, A5 and A9) were found in only one strain and 17 strains were untypable. The serotype for the B. trehalosi strains was T4 (1 strain).
We could observe a statistically significant relation between prevalence of these pathogens and consolidation pulmonary (P \ 0.001) lesions. Therefore, these data showed that when there exists a macroscopic lesion in lungs, 15.43 % (29/188) identified serotypes were identified as M. haemolytica or B. trehalosi. In lungs without macroscopic lesions, pathogens were isolated from only 1.22 % (5/410). Moreover, in Group A, serotype A12 (1 strain) and the untypable strains (4 strains) were M. haemolytica, but in Group B, all serotypes except for A12 were present including serotype T4 of B. trehalosi. However, there was no statistically significant relationship between serotypes of these pathogens and lung lesions in the studied lambs (P = 0.293).
Serotypes A1 and A2 are the most prevalent worldwide. These serotypes colonize the upper respiratory tract of healthy sheep and are generally species-specific in their ability to cause pneumonia [7] . In this study, serotypes A1, A7 and A6 were the most prevalent, all of which were isolated in lungs with consolidation. Some serotypes (A8, A13, A14, A16 and A17) were not found in these lambs.
In our study, only one animal presented B. trehalosi T4. Our results are similar to studies carried out in other geographic regions. Donachie [8] reported that serotype T15 was the most frequently isolated in Scotland and serotype T3 was the most frequently isolated in France according to Villard [9] .
In the early stages of the respiratory process, M. haemolytica produces cranioventral bronchointerstitial pneumonia characterised by a moderate thickening of the alveolar wall due to hyperplasia of type II pneumocytes [10] . In our study, 15 % of animals with M. haemolytica presented these changes in their lungs, highlighting hyperplasia of type II pneumocytes (Fig. 1) . The relationship between this pathogen and lung lesions was also indicated by a higher percentage of M. haemolytica in affected lungs (15.43 %) than in healthy lungs (1.22 %). On the other hand, 35 % of animals presented mixed changes between bronchointerstitial pneumonia and purulent bronchopneumonia (Fig. 2) . The subacute to chronic cases appeared as fibrinopurulent bronchopneumonia, and sequelae included abscesses and pleural fibrous adhesions [10] . In our case, this was the most common amongst the animals affected with M. haemolytica.
In conclusion, this study indicates the importance of M. haemolytica in lambs from Extremadura. We show that serotypes A1, A6 and A7 are the most frequently isolated from pneumonic lungs, and that the fibrinopurulent bronchopneumonia lesions are the more common lesion type. This presents important implications for sheep production in the region (Fig. 3) .
